indicates that collaborative coefficient has increased during the later years (2011)(2012)(2013) 
MODERN research demands an ever-expanding range of skills and is no longer the pursuit of an individual. Collaboration in science is an important component of scientific output. There is an increasing demand of collaborative relationships among individuals, organizations and countries. International collaboration in scientific research has increased rapidly in recent decades. The share of papers by authors located in two or more institutions rose from about 33% in 1981 to 50% in 1995, and the total papers rose by about 20%. During the same period, the share of co-authored papers rose from about 6% to 15% (ref. 1) . Keeping this in view, governments in different countries are taking initiatives to enhance contacts among scientists through collaborative research programmes, both at the national and international levels. According to the Ecosystem Management Initiative 2 , collaboration is defined as a 'process where two or more individuals or organizations deal collectively with issues that they cannot solve individually' and 'the working together of researchers to achieve the common goal of producing new scientific knowledge 3 '. Collaboration brings together experience, skill, knowledge and the know-how of different researchers into one particular field of study.
By way of collaboration, researchers from different institutions or countries come together for different purposes, among which are sharing of information, transfer of technology and finding solutions to specific problems. Collaboration can be important, especially in developing countries, where there might be a lack of expertise and resources in certain fields. The researchers in developing countries can collaborate with those in developed countries. Collaboration in research can take a variety of paths. Based on the type of participants, their status and location, etc., collaboration can broadly be classified into three categories -local, domestic and international. A local collaboration happens when two or more scientists of the same institution from different divisions work together; and a domestic collaboration happens when two or more scientists from the same country in different institutions come together and international collaboration takes place when two or more researchers from different countries join hands to solve a problem. Among these, international collaboration has received the maximum attention. International scientific collaboration is particularly advantageous for less advanced countries, but also beneficial for highly industrialized countries 4 .
Review of the literature
In the past several studies dealing with collaboration at national and international level have been published in the literature. For instance, estimation of the extent of international scientific collaboration of India for the period 1990-94 using Science Citation Index (SCI) was made by Basu and Vinu Kumar 5 . The study found an increase in collaboration both in terms of output and the extent of network and impact. Prakasan et al. 6 have also observed that India's share in international collaborative publications has grown from 4.6% in 1991 to 22.8% in 2010. Gupta et al. 7 studied India's scientific collaboration with South Asian countries and found that it had strong collaborative links with Bangladesh compared to Pakistan, Nepal and Sri Lanka. Gupta and Karisiddappa 8 studied collaboration patterns in the specialty of population genetics and found that highly productive authors are also highly collaborative and the focus of collaboration is shifting from local to domestic and international collaboration. Garg and Padhi 9 analysed collaboration patterns in laser science and technology and found that most of the papers had bilateral domestic and international collaboration. China, Israel, The Netherlands and Switzerland had higher share of internationally collaborated papers. Dutt and Nikam 10 examined collaboration pattern in solar cell research in India using data from SCI for the period 1991-2010. They found that almost half of the output emerged from domestic and international collaboration and South Korea topped the list of collaborating countries, unlike USA in other disciplines. A report by the Department of Science and Technology (DST) 11 , New Delhi, found USA as India's most frequent collaborating country during the period 2006-2010 followed by Germany and the UK 11 . He 12 examined international collaboration of China with the G7 countries using SCI. The results of the study indicated that international publication output between China and the G7 countries had increased exponentially; and USA was the major collaborator among all the G7 countries. Ma and Guan 13 examined the pattern of collaboration of Chinese publications in molecular biology during 1999-2003 using Web of Science Expanded and found that a significant number of papers had more than three authors. Kim 14 examined the pattern of international collaboration in South Korea during 1994-1996 using SCI CD-ROM and found that about 26% of the papers was due to international collaboration; USA and South Korea had the highest number of collaborative papers. Kwon et al. 15 also examined the pattern of international collaboration in South Korea and found that the number of papers in international collaboration had increased considerably since late 1900s, while the share of national collaboration had steadily declined. Garg and Dwivedi 16 examined international scientific collaboration in Japanese encephalitis (JE) using papers indexed in Science Citation Index Expanded during 1991-2010. They found that JE was a highly collaborative discipline as about two-thirds of the papers were written in domestic and international collaboration. Owusu-Nimo and Boshoff 17 examined research collaboration in Ghana 
Objectives of the study
In an earlier study, Dwivedi et al. 18 had analysed 17,344 papers published by Indian authors in the discipline of organic chemistry during 2004-2013. They found that the output in organic chemistry had grown continuously during the period of study and research papers published in organic chemistry and its sub-disciplines formed a part of the mainstream science as reflected by the pattern of publications by journal publishing countries, their impact factor and the citations of these papers. It was also observed that academic institutions published the highest number (46.6%) of papers, but the Council of Scientific and Industrial Research (CSIR) made the maximum impact and had highest number of prolific institutions, prolific authors and highly cited papers. The present study examines the pattern of domestic and international collaboration of Indian scientists in organic chemistry during 2004-2013 with the following objectives. 
Data and methodology
The source of data for the present study is Thomson Reuters WoS used by Dwivedi et al. 18 in their study on organic chemistry research in India. From the 17,344 records published by Indian authors during 2004-2013, 6312 papers were identified which were written either in domestic or international collaboration. The present study examines the pattern of domestic and international collaboration of Indian authors in organic chemistry based on these 6312 papers. DCI and ICI were calculated for different performing sectors and prolific Indian institutions. The number of domestic and international links each published article were also identified. For instance, if a paper has authors from two domestic institutions and one international institution, then the number of domestic and international links is one each. The indicators used for measuring domestic and international collaboration are described below.
Collaborative coefficient
This examines the strength of co-authorship. The measure has been suggested by Ajiferuke et al. 19 and is based on fractional productivity defined by Price and Beaver 20 , and is given by the formula
Here F j is the number of j authored research papers, N the total number of research papers published and k is the maximum number of authors per paper. According to Ajiferuke et al. 19 , CC tends to zero as single-authored papers dominate and to (1 -1/j) as j-authored papers dominate. This implies that higher the value of CC, higher the probability of multi-authored papers.
Domestic collaborative index
DCI has been suggested by Garg and Padhi 9 and is obtained by calculating proportional output of domestically co-authored papers in a way similar to activity index 21 . For calculating DCI, papers in local and domestic collaboration have been added together. The measure has been used for calculating DCI for performing sectors and prolific institutions. Here
where D i is the number of domestically co-authored papers by a performing sector or an institution i, D io the total number of papers of the performing sector or the institution i, D o the number of domestically co-authored papers for all performing sectors or institutions and D oo is the total number of papers.
International collaborative index
This measure has also been suggested by Garg 
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where I i is the number of internationally co-authored papers by a performing sector or an institution i, I io the total number of papers for the performing sector or the institution i, I o the number of internationally co-authored papers for all performing sectors or institutions and I oo is the total number of papers.
The value of DCI or ICI = 100 indicates that collaborative effort for a performing sector or an institution corresponds to the Indian average. DCI or ICI > 100 reflects collaboration higher than the Indian average, while DCI or ICI < 100 reflects collaboration less than the Indian average.
The major advantage of using DCI or ICI is that it takes into account both the size of the performing sector or institution as well as the field of investigation.
Results and discussion
During 2004-2013, Indian scientists published 17,344 papers on different aspects of organic chemistry. Among these, more than one-third, i.e. 6312 (36.4%) papers were published in domestic and international collaboration. The number of papers published in domestic and international collaboration was 4882 and 1430 respectively. These constituted 28.2% and 8.2% of domestic and international collaborative papers respectively, of the total output. This indicates that the share of papers in domestic collaboration was about three and half times more than those in international collaboration. We now describe the results of the study on several indicators. 
Collaborative coefficient

Growth pattern of domestic and international collaborative papers
Pattern of growth was examined for seven different aspects of collaboration. These are (i) total number of papers in domestic collaboration (TNPDC); (ii) total number of papers in international collaboration (TNPIC); (iii) total number of domestic and international collaborative
papers (TNP); (iv) local and domestic links (L + D), (v) international links (I), (vi) domestic links per paper (DLLP) and (vii) international links per paper (ILLP).
Domestic and international links per paper were obtained by dividing the total number of links with the total number of papers. Table 2 shows the results of DCI and ICI, besides the number of papers written in domestic and international collaboration and total output for different performing sectors. The table indicates that like total output, the number of papers written in domestic and international collaboration is also highest for academic institutions (AI) followed by CSIR. Academic institutions published about 16% of the total Indian output in organic chemistry in collaboration. Of these, 12% was published in domestic collaboration and the rest in international collaboration. In absolute terms, the share of collaborative papers by academic institutions and CSIR was more than the other performing sectors listed in Table 2 . However, the two performing sectors had lower values of DCI and ICI compared to other performing sectors. The DCI value was highest for PC (pharmaceutical colleges) closely followed by private institutions (PI) and Government of India (GOI) institutions. The ICI value was highest for GOI institutions. The ICI value did not differ significantly for other agencies except for AI and CSIR. The ICI value was lowest for CSIR. One possible reason for this might be that the organization has well-established chemistry laboratories and hence does not need international collaboration. Higher values of ICI for different performing sectors imply that the proportion of papers published by them in international collaboration is more than the Indian average. 1% or more papers in domestic and international collaboration. They also contributed 40% of the total collaborative papers. Of these, 32.8% papers was in domestic collaboration and the rest 7.2% in international collaboration. These 20 institutions were distributed among academic institutions (8) , Indian Institutes of Technology (5) and CSIR institutions (4). The remaining three institutions, namely Indian Association for Cultivation of Science and National Institute of Pharmaceutical Education and Research are funded by DST and the Ministry of Chemicals and Fertilizers, GoI respectively, whereas Dr Reddy's Lab Ltd is a private funded R&D institution.
Domestic and international collaborative index for different performing sectors
Most prolific institutions and the pattern of their collaboration
Among all the institutions CSIR-IICT had the highest number of papers in domestic and international collaboration followed by CSIR-CDRI and CSIR-NCL. CSIR-CDRI had the highest (130) DCI value. Other institutions having DCI value more than 100 were CSIR-NIIST and Dr Reddy's Lab Ltd. This indicates a higher proportion of papers by these three institutions in domestic collaboration. However, these institutions had a low ICI value, except CSIR-NIIST. This implies that the proportion of papers published by these institutions in international collaboration was low compared to those in domestic collaboration. Three other institutions for which the ICI value was more than 100 were Madurai Kamaraj University, Madurai; Banaras Hindu University, Varanasi and University of Delhi, Delhi, in that order. This implies that these institutions published more papers in international collaboration than the Indian average.
International collaboration of India in organic chemistry
During the period of 2004-2013, Indian scientists published 1430 papers in international collaboration. These papers resulted in 1759 international collaborative links with 64 different countries. These 64 countries were scattered among the developed and developing countries. Table 4 lists 15 countries with which India had more than 30 collaborative links. The highest number of collaborating links was with USA followed by Germany, France, Japan, UK and South Korea, contributing about 60% (1056) of the links. The rest was scattered among 58 countries. Among these, the share of Saudi Arabia, Italy, Australia, Spain, Malaysia, Switzerland, Taiwan, Belgium and Denmark was about 22.2% (390) of the links. 
Foreign institutions having collaborative links with India in organic chemistry
An analysis of 1759 international links were scattered among 677 foreign institutions. Table 5 lists 36 institutions with which India had 10 or more international collaborative links. Of these, nine were from USA, four from Germany, three each from Japan and South Korea, two each from Australia, Denmark and France, and one each from Saudi Arabia, England, Malaysia, Switzerland, Belgium, Spain, Singapore, Taiwan, Italy, Russia and Czech Republic.
Conclusion
This study indicates that the pace of domestic as well as international collaboration in the discipline of organic and South Korea 12 was with USA. The other countries with which India had more international collaborative links were Germany, France, Japan, UK and South Korea. Only a few institutions, namely CSIR-CDRI, CSIR-NIIST and Dr Reddy's Lab Ltd had DCI more than 100. Similarly, Madurai Kamaraj University, Guru Nanak Dev University, IIT Guwahati, Banaras Hindu University and CSIR-NIIST had a higher ICI value, indicating that the proportion of papers in international collaboration was more than the Indian average. Among all the prolific institutions, CSIR-NIIST was the only one for which the DCI and ICI values were more than 100, indicating that it had more domestic and international collaborative papers.
